We discuss the NSR formulation of the superstring action on AdS 5 × S 5 proposed recently by Kallosh and Tseytlin in the Green-Schwarz formalism.We show that the stressenergy tensor corresponding to the NSR action for AdS superstring contains the branelike terms, corresponding to exotic massless vertex operators (refered to as the branelike vertices)-the 5-form e φ ψ m1 ...ψ m5 and the 3-form ∂(e φ ψ m 1 ..ψ m 3 ), multiplied by ∂X m .
Introduction
Recently the classical type IIB Green-Schwarz (GS) [1] superstring action in the maximally supersymmetric AdS 5 × S 5 background [2, 3, 4] has been constructed by Metsaev and Tseytlin [5] and later simplified in the work by Kallosh and Tseytlin by fixing the κ-symmetry [6] ; see also [7] . In accordance with the conjecture that relates the dynamics of N = 4D = 4 super Yang-Mills theory with the type IIB superstring theory and supergravity [8, 9, 10, 11, 12] in the AdS background, string theory on the AdS space appears to be a plausible candidate for the string-theoretic description of the large N limit of super Yang-Mills theory. On the condition that the analogue of the Maldacena's conjecture is formulated for the non-supersymmetric case and a suitable mechanism is found for supersymmetry breaking, studying the type IIB string dynamics in the AdS 5 × S 5 may be relevant for the understanding of the problem of confinement from the string-theoretic point of view. Some time ago, in an originally independent development we have noticed the existence of certain new exotic massless states in the spectrum of NSR string theory which apparently contain information about non-perturbative aspects of string dy-
namics.These open string states are described by BRST-invariant two-form and five-form vertex operators of essentially nonzero ghost numbers. They do not correspond to any known massless excitations in perturbative spectrum of an open string; while precise physical interpretation of these vertex operators is still largely a puzzle, in our previous works [13] we have made a preliminary conjecture (though unfortunately still vague and incomplete at the time) that these excitations (which we refered to as branelike states since the superalgebraic arguments point at their connection with M-brane dynamics) may be relevant to the dynamics of non-Abelian gauge theories. In this paper we shall discuss the connection between these two developments; namely we shall attempt to present the NSR formulation of the Kallosh-Metsaev-Tseytlin type action of a type IIB string on AdS; we shall argue that the NSR version of stress-energy tensor corresponding to the superstring action on AdS 5 ×S 5 is related to the one of a sigma-model with the background determined by above mentioned branelike excitations. The paper is organized as follows. In the first section we review the branelike states and give physical arguments for their appearance as a result of the internal normal ordering in Ramond-Ramond vertices; then, by using the open string description of D3-branes, we will perform the GS-NSR transformation for the GS stress-energy tensor in the presence of D3-branes and observe the appearance of the terms related to the branelike states.
The resulting NSR stress-energy tensor (as well as the corresponding action) will have the manifect SO(1, 3) × SO(6) isometry of the curved AdS 5 × S 5 vacuum. In the second section we compute and study the properties of scattering amplitudes that involve branelike states. More precisely, we study the influence of the branelike states on the gravitational lensing of the Ramond-Ramond states by D p-branes and observe that at certain values of the momentum the presence of these exotic states leads to additional simple poles in scattering amplitudes.
1.The type IIB action on AdS 5 × S 5 in the NSR formalism and branelike states
Consider the Ramond-Ramond vertex operators at zero momentum in (−1/2, −1/2) and (−3/2, −3/2)-pictures on a disc:
where φ(z) and χ(z) are free fields that appear in the bosonization of the NSR superconformal ghosts β,γ; Σ α is spin operator for NSR matter fields. In the future, unless stated otherwise, we will be dropping the terms depending on fermionic ghosts since these terms will be insignificant for our computations of correlation functions (though in principle these ghost terms are necessary to insure the BRST invariance of vertex operators) If a Ramond-Ramond vertex is placed on a disc and the boundary is present, the holomorphic and anti-holomorphic matter and ghost spin operators are no longer independent but they are related as:
The expression for the matrix M (1) 
αβ : e − 1 2φΣ β (z) :
where we have dropped the less singular terms in the O.P.E. as well as full derivatives.
We see that due to the internal normal ordering at the boundary of the disc the Ramond- Actually it is this picture-changed version of the 5-form (i.e. the one in the +1-picture) that will appear in the NSR formulation of the AdS superstring action.
As it is the well-known fact that there are no two-form and five-form particles in the peturbative spectrum of an open string, giving a proper physical interpretation to these new massless states in the spectrum of a superstring is a challenging puzzle. In our previous works [13] we have shown that two-form and five-form vertices ( operators to the dynamics of branes is still unclear. In the current paper we shall discuss the role that these new superstring states may play in the recently proposed AdS-CFT correspondence [12, 11, 8, 9, 10] and in building the string-theoretic approach to Yang-Mills theories. In the light of the newly found relation between the Yang-Mills correlation functions and the minimum of the supergravity action on the AdS space, the type IIB superstring theory on AdS (which has the AdS supergravity its low-energy limit) appears a plausible candidate for the ansatz to describe the dynamics of large N gauge theories. It is therefore crucial to understand the dynamics of string theory in the AdS background in order to deepen our understanding of Yang-Mills dynamics and CFT in various dimensions.
In this paper we shall claim that in terms of NSR formalism superstring theory on the AdS space ( presumably describing the large N limit of gauge theories) corresponds to a sigma model with f lat space-time metric and with massless background fields corresponding to the branelike vertex operators (2) . There are two dual ways of regarding the superstring dynamics in the field of D-branes.The first way is to consider the closed GS superstring propagating in the AdS background corresponding to the near-horizon geometry of D3-brane solution. The AdS 5 × S 5 action in the GS formalism is given by [6] :
where X p , p = 0... 
The corresponding stress-energy tensor is given by
In the flat space-time one may use the standard relations that exist (up to picturechanging transformation) between GS fermionic variable θ and NSR spin operators in ten-dimensional space-time:
In the presence of the D3-branes the space-time fermionic fields θ andθ are not independent but are related to each other according to (2) . For the D3-branes this relation is given by:θ
Using (7) let us now proceed with the formulation of the NSR analogue of the stress-energy tensor (6) . Because of (7) the normal reordering betweenθ and θ must be made , similar to the one performed in the Ramond-Ramond vertex operators in (3). Using (7) and the formula for the O.P.E. between two spin operators:
one finds that the stress-energy tensor T zz of (6) rewritten in the NSR formalism is given by:
Here ǫ p 1 ...p 4 is the rank 4 antisymmetric tensor for the D3 brane vorldvolume ( the indices p 1 , ...p 4 run from 0 to 3, t runs from 4 to 9);m = (p, t) and n are ten-dimensional indices,X m ≡ (x p , y t ). We have chosen the conformal gauge for the worldsheet metric and dropped full derivative terms. The tensor (9) may be rewritten in the form where the kinetic term for the NSR fermions (quadratic in ψ) appears in a more transparent way: It is important to note that it is crucial to have the D-3 branes (that give rise to the curved AdS 5 × S 5 background in the "dual" approach) in order to include the branelike states (3) in the sigma-model; in the absence of D3-branes (that is, in the flat space-time)
there would be no Γ 0 ...Γ 3 factor in (7) and the 5-form and the 3-form terms in (9), (10) would have vanished. For instance, in the absence of the above gamma-matrix factor the corresponding 5-form term would be given by ∼ T r(Γ µ 1 ...µ 5 Γ ν )e φ ψ µ 1 ...ψ µ 5 ∂X ν but this expression obviously vanishes since , due to anticommutation relations between the gamma-matrices, one would inevitably have to contract a pair of anticommuting fermions ψ µ ,ψ ν with the Minkowski metric tensor η µν . In the next section of this paper we will explore the properties of the sigma-model corresponding to the energy-momentum tensor (10) and study the correlation functions of the branelike vertex operators. The calculation will show a rather peculiar momentum dependence of these correlators.
Correlation Functions of Branelike States
Rather than computing the amplitudes involving the open string branelike states (3) in a straightforward way we will choose, for the sake of simplicity, to study the problem of gravitational lensing of the the Ramond-Ramond particles in the non-standard (−3/2, −3/2)-picture in the D-brane field which in some way is equivalent to studying the properties of branelike states (see the comment below). In case of the RR particles in the standard (−1/2, −1/2) picture the appropriate scattering amplitude has been computed in [15] The essential difference between these two computations is related to the fact that the Ramond-Ramond vertex V (−3/2,−3/2) of (1) 
Here f (n) = −1 for the longitudinal indices (with respect to the D3 brane worldvolume) and 1 for the transverse ones,X ± ≡ f (n)X To compute the X-independent part W 0 of this correlation function (that involves ghosts and fermions) one notes that 
The kinetic part of the correlator is given by:
where we defined
⊥ and similarly for {k So far we were considering the correlation functions on a half-plane. Let us make the conformal transformation (z,z) → (u,ū) from the half-plane to the disc:
Let us furthermore fix w = − i 2 so that its image is at the center of the disc.In terms of the disc coordinates u ≡ re iϕ the correlation function (14) becomes:
Since the momentum in the longitudinal directions (with respect to the D3-brane worldvolume) is conserved one has {k 1 2 } + {k 1 k 2 } + (k 1 k 2 ) = 0. Integrating over r and ϕ we obtain the following expression for the amplitude:
where
Γ(p+q) is the Euler beta function. Some comments should be made about the momentum behaviour of the amplitude (17).First of all it is noteworthy that, in addition to the poles present in the "standard" scattering amplitude of [15] there are additional physical singularities (i.e. the simple poles) in the amplitude (17) at (k
2 , 1 that originate from integration over the region r ∼ 1, i.e.near the boundary of the disc where, as we pointed out earlier, the Ramond-Ramond vertex in the (−3/2, −3/2)-picture becomes the 5-form branelike state (3) . One may therefore conclude that it is exclusively the boundary 5-form state (3) that gives rise to the additional simple poles in the scattering amplitude (17). Note that these poles did not arise in the calculation in [15] as the RR vertex in the (−1/2, −1/2)-picture degenerates simply into the vector emission vertex at r ∼ 1.Therefore the boundary contribution in [15] had no peculiarities.
In the (−3/2, −3/2) case the situation is quite different. Note that three additional poles depend exclusively on the momentum of the incoming (−3/2, −3/2) Ramond-Ramond particle (and consequently, on the momentum of the 5-form branelike state). Such an unusual momentum dependence may be the consequence of the fact that the 5-form vertex operator (3) is physical at some discrete values of momentum only (such a behaviour would be reminiscent of that of discrete states in two-dimensional gravity) Another difference with the scattering amplitude in the (−1/2, −1/2)-picture is that in case of the D-instanton background (q = −1) the (−3/2, −3/2) scattering amplitude does not have the fieldtheoretic structure observed in [15] , on the contrary due to the presence of the 5-form state the amplitude diverges (since k || 1 = 0 for the D-instanton background). As for the two-form branelike vertex operator ∼ e −2φ ψ m ψ n e ikX , there is also a peculiarity at k = 0. Namely, at any nonzero value of the momentum k the two-form vertex (3) may be decomposed into a sum of a fermionic part of a vector vertex operator in the −2-picture plus BRST-trivial part:
To show that one has to consider the correlation function of e −2φ ψ m ψ n e ikX with two other vector emission vertices in the 0-picture on the sphere. It is then straightforward to see
Therefore at a nonzero momentum the two-form vertex operator (3) can be expressed in terms of the picture −2 vector emission vertex, however at k = 0 such a decomposition is no longer possible and the two-form becomes a new massless state.
Conclusion
One of the claims of this work is that the superstring action on the AdS 5 × S 5 can be viewed, from the point of view of NSR formalism, as a sigma-model on the f lat spacetime;
introducing the background terms -a 5-form and a 3-form branelike terms is equivalent to curving the SO(1,9) flat space-time to obtain the AdS background. The SO(1, 3) × SO (6) isometry of the AdS 5 ×S 5 space is manifest in the energy-momentum tensor (10). Therefore we hope that exploring the dynamics of superstring theory on AdS 5 ×S 5 may be analogous to studying the correlation functions of branelike vertex operators on the sphere. As for the action corresponding to the stress-energy tensor (10) one should also add terms corresponding to the Ramond-Ramond background, corresponding to non-vanishing RR scalar field in the near-core D-instanton background [16] These Ramond-Ramond terms should correspond to the WZ term in the action (4) (which does not contribute to the stress-energy tensor). The NSR action corresponding to the stress-energy tensor (10) should, up to yet unknown RR part, look like 
